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Inspired PO2 = partial pressure of oxygen reaching the lungs 
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Humans conguering everest 
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New Zealand mountaineer 


Sir Edmund Percival Hillary KG ONZ KBE was a New Zealand 

Messner/Habeler 1978 mountaineer, explorer, and philanthropist. On 29 Mav 1953, Hillarv 
and Sherpa mountaineer Tenzing Norgav became the first climbers 
confirmed to have reached the summit of Mount Everest. Thev were 
part of the ninth British expedition to Everest, led bv John Hunt 


Reinhold Messner 


On 8 Mav 1978, Reinhold Messner and Peter Habeler reached 

the summit of Mount Everest, the first men known to climb it 

without the use of supplemental oxygen. Prior to this ascent it 
was disputed whether this was possible at all. 


Animals at altitude: how high? 


TABLE 13-12 


Summarv of the altitudinal limits for a varietv of 
animals. (Adapred from Bouverot 1985.) 


Altitude 
(km) Geographic Locality 


Amphibians 
Salamandra European Alps 
Tetmatobius 8 Lake Titicaca, Peru 
Eleutherodactylus 5 Andes, Peru 

Bufo 5 Himalaya 


Fish 
Trout 8 European Alps 


Trout .8 Lake Titicaca, Peru 
Nemachilus Asia 


Reptiles 
Sceloporine lizard 3.4 SW USA 

African skink Kilimanjaro, Tanzania 
Iguanid lizards Andes, Peru 

Lizards 5.5. Himalaya 


Birds 

Domestic fowl 

Various families 5 Rocky Mountains, USA 
and Andes, Peru 

Lammergeier 5-6 Himalaya 

Barheaded goose Himalaya 


Mammals 

Deer mice Rocky Mountains, USA 

Human habitations .5 Andes, Peru and 

Himalaya 

Llama, guanaco, Andes, Peru 
alpaca 

Chinchilla 5 Andes, Peru 

Yak 5.8 Asia 

Taruca (deer) Andes, Peru 

Humans without Mt. Everest, Himalaya 
pure Oy 


High-flving birds 


At 8848 m, Mount Everest has only a third 
of the oxvgen available at sea level 


you lose consciousness within minutes 
kerosene cannot burn 
helicopters (most) cannot fly. 


Bar-headed geese can flv over Mt Everest 


The highest-flying bird ever recorded was a 
Ruppell's griffon vulture (wingspan about 3 
meters) @ 12,200m 


Effects of high altitude 


Acute 
(eg, from aircraft 
explosion) 


PO, Altitude Gradual decompression 
(mm/Hg) (m) (eg, from walking 
to altitude) 


40 9000 


Everest 
(8848 m) 
32% of climbers have 
hallucinations above 7500 m 


MRI changes, including white 
matter hyperintensities and 
cortical atrophy above 7000 m Aconcagua Wi 
Memory retrieval impaired (6962 m) 


N 
Learning and spacial memory 


impaired LEN 
Mont Blanc 
(4808 m 
Psvchomotor impairment A 


detectable with FTT/pegboard 


Symptoms vary among individuals and rate of ascent 


Complex reaction time slows 


AMS and HACE possible 


Commercial aircraft are 
pressurised to an 
altitude equivalent 

of 1500-2500 m 


> II. 


Human hvpoxia 


Ambient Alveolar Alveolar 
pres: Po, Po, Pco, 
Altitude ( (kPa) (kPa) (kPa) (kPa) 


21.1 13.8 5.3 
n 14.6 8.9 48 
62 12.8 6.0 


Mt Everest 


760 mmHg = 101 kPa 


Human hypoxia 


Atmospherid ^ Alveolar 
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Effects of high altitude 


Acute time of useful consciousness 


45,000 feet M 
40,000 feet MSL 
35,000 feet MSL 
- Mt Everest 
2 2 1/2 to 3 minutes 
25,000 feet MSL 3 to 5 minutes 
22,000 feet MSE SOTO tr es 
20,000 feet MSL 30minutes or more 


Altitude hvpoxia 
barometric pressure 


Breathing Air Breathing Pure Oxvgen 


Arterial Arterial 
Barometric Pco, In 2 Oxygen ii Po, in Oxvgen 
Pressure Alveoli Saturation Alveoli Saturation 
Altitude (ft) (mm Hg) (mm Hg) (mm Hg) 


40 


Altitude hvpoxia 
partial oxvgen 


Consequentiv, air pO2 declines with altitude: 


Breathing Air Breathing Pure Oxvgen 

Arterial Arterial 

Oxygen Pco, in 2 Oxygen 

Saturation Alveoli Saturation 
(38) 


Barometric 
Pressure 
Altitude (ft) (mm Hg) 


o 760 100 
10,000 523 100 
20,000 349 100 
30,000 226 99 
40,000 141 


87 
50,000 87 22 


Altitude hypoxia 


Breathing air works to about 24'000 feet when blood O, 
saturation declines to « 50% 


Breathing Air Breathing Pure Oxygen 


Arterial Arterial 
Barometric 2 Po, in Oxygen z di Po,in Oxygen 
Pressure Alveoli Saturation Alveoli Saturation 
Altitude (ft) (mm Hg) (mm Hg) 
o 760 
10,000 523 
20,000 349 
30,000 226 
40,000 141 
50,000 87 


(mm Hg) 


Altitude hvpoxia 


Breathing pure O2 works to about 46000 feet when blood O2 
saturation declines to « 5096: 


Breathing Air Breathing Pure Oxvgen 


Arterial 
Barometric 2 Pco; in Po,in Ħ 2 Oxygen 
Pressure Alveoli Alveoli Saturation 
Altitude (ft) (mm Hg) (mm Hg) (mm Hg) 


0 760 40 
10,000 523 
20,000 349 
30,000 226 
40,000 141 
50,000 87 


Adaptations to altitude (1) 


An increase in blood haemoglobin (which increases the blood 
O, carrving capacitv) 
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Adaptations to altitude (2) 


Changes in blood organophosphates (DPG) to shift the O, 
dissociation curve to the left 
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Other mammals 
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Adaptations to altitude (3) 


Higher lung volume 


But, hvperventilation doesn't. this fails to maintain a high 
alveolar/arterial pO, and “blows off” CO,. 


Oxvgen, Acetazolamide and COX inhibitors (ibuprofen) 
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Denisovans 


So who were the Denisovans?! 
Archaic hominin lineage 
Sister group to Neanderthals 


Once common in Asia (at altitude — 
the abominable snowman aka “Yeti”?!). 
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Today — modern Homo sapiens 


Homo heidelbergensis 


1 millfn years ago 


Homo erectus 


2 milfn years ago 
Africa Europe & Central & 
Near East SE Asia 


Denisovan genes in humans?! 


Presence of Denisovan genes in Tibetans suggests that admixture 
of human with other hominin genes provides genetic variation 
(EPAS1) favourable for particular environments e.g. altitude 
hypoxia 


Homo sapiens hybridisation is not unusual! 
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